Abstract. The effects of including yeast culture (Saccharomyces cerevisiae plus growth medium; 5 x 10 6 organisms/g) on the digestion of dietary constituents in the rumen and total digestive tract were studied in a pair of monozygote twin bulls. The animals were fitted with cannulae in the rumen and in the proximal duodenum. A diet of grass silage, barley and rapeseed meal (445, 445 and 90 g/kg total dry matter (DM)) was fed, with and without addition of 10 g per day of yeast culture (YC), in two treatment sequences.
Introduction
Brewer's by-products, which contain varying amounts of live and dead yeast cells (Saccharomyces cerevisiae) , have been used as a supplementary protein source for dairy cows (Steckley el al. 1979 Dawson and Newman (1987) (1987) concluded that YC cannot maintain a productive population within the rumen ecosystem. The results of Newbold et al. (1990) were inconclusive with regard to demonstrating yeast growth in the rumen; the decline in viable cell numbers with time after dosing was, at 0.17/h, close to the expected rate of rumen outflow. Gunther (1989) reported addition of YC to the diet to result in proportional increases of 7.6, 16.8 and 15.2 % in milk, fat and protein yield in dairy cows producing approximately 30 kg/d. Williams (1989) reported, using four complete mixed diets to test the effects of YC, the average milk yield to increase by 0.8 kg/d and the fat corrected milk (FCM) yield by 1.6 kg/d. The effects were only observed at high levels of concentrate in the diet. With diets of grass silage and barley Bax (1988) reported a mean increase of 0.4 kg FCM/d, the response being greater when silage and barley were given separately rather than as a complete mixed diet. In two other experiments in which cows were given total mixed rations supplemented with YC no effect on milk yield was obtained (Harris and Lobo 1988; Quinonez et al. 1988) . The effects of YC on milk composition have been varied: milk fat content has increased (Teh et al. 1987; Gunther 1989) , the effect has varied with the diet (Williams 1989) or else no effect has been observed (Bax 1988 ; Harris and Lobo 1988; Quinonez et al. 1988; Huber et al. 1989) . Gunther (1989) reported a large increase in milk protein content in cows receiving YC, whilst Bax (1988) and Harris and Lobo (1989) found no effect, and Huber et al. (1989) reported that YC decreased milk protein content in a large-scale trial.
The mode of action of yeast cultures has been explained by their ability to alter rumen function. Supplementation of YC has been reported to alter the rumen fermentation pattern Teh et al. 1987; Harrison et al. 1988; Martin et al. 1989; Williams 1989) and to increase ruminal counts of cellulolytic bacteria ; Dawson and Newman 1987; Harrison et al. 1988) . Increases in the number of cellulolytic bacteria did not correspond to increases in cell wall digestion in vivo, however (Harrison et al. 1988 ). The addition of YC to the diet has also changed the extent and rate of digestion in the rumen Williams 1989; Gomez-Alarcon et al. 1990 ). Williams (1989) suggested that the action of YC may partly be related to alleviation of a negative associative effect of concentrate supplementation. The pH elevation of 0.5 units with YC was related to a reduction in postprandial concentration of lactic acid in cattle given a diet of hay and barley. The results indicate that there has been large variation in response to YC supplementation both in animal performance and in rumen function. This variation may be related to the type of diet used in testing the products and also to differences in the products tested.
Most tests of the effects of YC have been carried out with diets not used in Finland. Accordingly, this experiment was designed to study the effects of YC on rumen metabolism and digestion of yeast culture (Yea-SACC 1 ; Saccharomyces cerevisiae plus growth medium; 5 x 10 6 organisms/g) in a typical Finnish diet for cattle containing grass silage and barley. A high level of concentrate supplementation was used to monitor any effect of YC in alleviating the possible negative associative effect of a high concentrate diet.
Material and methods

Animals
The test animals were a pair of monozygote bulls of Hereford x Friesian breed (initial live weight 430 kg). Each had a permanent rumen cannula and a simple T-piece cannula fitted in the proximal duodenum. The animals were ery 2 h were pooled to provide one composite kept in metabolism cages.
Diets and design
The experiment was conducted on a switchover design. The animals received a daily allowance of 8.6 kg DM of a diet composed on DM basis (g/kg) of grass silage 455, barley 455 and rapeseed meal 90, with and without a supplementation of 10 g/d of yeast culture (YC). The animals were allocated at random to the two treatment sequences, either control diet followed by YC or the reverse. The direct-cut grass was ensiled with a formic acid based additive (AIV II; 800 g formic acid/kg) applied at the rate of 5 1/t. Feed was offered in two equal meals at 7.00 and 19.00 hours throughout the experiment. The daily dose of YC was introduced into the rumen via the cannula in two equal portions (5 g) at the beginning of each feeding. Water was freely available and a commercial mineral mixture was given at the rate of 150 g/d.
Experimental procedures
Each experimental period consisted of a 14-day adaptation period followed by a 14-day period when faecal collections, rumen and duodenal samplings, nylon bag incubation and determination of the activities of polysaccharide-degrading enzymes were made.
The procedures for faecal collection, rumen and duodenal sampling and preparing the samples were as described by Huhtanen (1988) . Rumen sampling was done on two days of each period (25 and 27). Cr-mordanted straw and LiCoEDTA (Uden et al. 1980 ) were used as digesta flow markers, and purine bases (Zinn and Owens 1986) as microbial N marker. A graphic alternative of Faichney's (1975) McDonald (1981) were fitted to the datarelating to the disappearance of DM from the bags in order to estimate degradation constants a (rapidly digested soluble fraction), b (degradable fraction), c (rate of degradation of component b) and lag time (time elapsed before the start of the degradation).
To measure particle-associated carboxymethylcellulase (CMCase) and xylanase activities, duplicate samples of 0.6 g of hay were incubated in the rumen for 3,6, 12, 24 and 48 h. After withdrawal from the rumen the bags were washed in cold water in a house hold washing machine. The length of the washing procedure was 30 min consisting of 5 rinsing cycles. After washing, the bags were squeezed thoroughly. The duplicate bags were pooled before extraction of the enzymes by a procedure similar to that used by Nossal and Heppel (1966) . The details of the procedure have been described by Silva et al. (1987) .
Representative samples of approximately 1.0 kg of rumen digesta were taken on day 26 of each period. The sample was first divided into two subsamples, of which one was homogenized, and the other was strained through a cheese-cloth to obtain strained rumen fluid (SRF) . Rumen particulate material (RPM) was obtained by washing the sample remaining on the cheese-cloth, using a similar procedure to that used for rumen incubated nylon bags. Duplicate samples of RPM (2 g), homogenized rumen digesta (HRD; 5 g) and SRF (5 ml) were used for enzyme extraction. The DM content of RPM and HRD samples was determined at 103°C for 24 h.
Chemical analysis
Methods of chemical analysis were as described by Huhtanen (1988) . The chemical composition of the experimental feeds is presented in Table 1 . The concentration of D( -), L( + ) -lactic acid in rumen fluid was determined using lactic dehydrogenase in a test combination kit (Boehringer Mannheim GMDH). Protozoal counts were made using a haemacytometer after fixing with methyl green formalin saline (MFS) solution.
The details of the determination of CMCase activity are described by Groleau and Forsberg (1981) . Xylanase activity was assayed by the same procedure as CMCase but with xylan (Sigma No. X-0376) as substrate. The samples were centrifuged at 800 x g for 5 min before the absorbance was read.
Statistical analysis
The data were analyzed by two way analysis of variance (treatment, period). For the residual sums of squares there remained 1 degree of freedom. Rumen fermentation data were analyzed by a split-plot analysis of variance (Snedecor and Cochran 1969) . 
Results
Rumen fermentation
Daily values (mean, minimum, maximum and range) for rumen pH, and for the concentrations of ammonia N, lactic acid and volatile fatty acids (VFA) are shown in Table   2 . Supplementation of the diet with YC had virtually no effect on rumen fermentation.
Also, postprandial changes in rumen pH, ammonia N and molar proportions of VFA were similar for the two treatments (time x diet interaction P>0.05). The postprandial increase in the molar proportion of propionate and decrease in that of acetate were slightly greater when YC was included in the diet, resulting in a larger diurnal variation in the acetate to (Fig. 1) . The number of rumen protozoa was 10 % higher when the cattle were fed the YC diet than when they were fed the control diet (7.43 x 10 5 vs. 6.76 X 10 5 ; SEM = 0.094).
Digestion of organic matter and cell wall carbohydrates
Organic matter (OM) intake was lower with the control diet because during the first period the animal fed on this diet did not consume all its feed (Table 3) . Neither rumen and total digestion of OM nor the proportion of digestion occurring in the rumen were changed by YC supplementation. Addition of YC increased the digesta flow at the duodenum by 12 % (105.4 vs. 93.8 kg/d; SEM 3.15). However, the difference was only 3 % when the digesta flow was calculated per kg DM intake.
The results for the digestion of cell wall carbohydrates are given in Table 4 . Rumen and total digestion of different cell wall constituents were virtually similar between the treatments. Addition of YC had no effect on the extent of the DM degradation of hay, but it increased the rate of degradation of from 0.0364 to 0.0475/h and increased the lag time of degradation (Table 5 ). Only after an incubation period of 48 h did YC supplementation show a trend towards greater disappearance of DM. 
Digestion of nitrogen
The results for the digestion of nitrogenous constituents are given in Table 6 . The quantities of total N, non-ammonia N (NAN) and microbial N entering the small intestine were slightly higher when the cattle were given the YC supplement than when they were given the control diet alone, mainly because of the difference in feed intake. Neither apparent nor true efficiency of microbial N synthesis in the rumen was affected by YC. Likewise, addition of YC had no effect on the ratio of purine N to total N in isolated rumen bacteria (0.140 vs. 0.138) and therefore the flow of microbial N reflected a similar pattern to purine N. YC had no effect on either apparent digestibility of N or faecal output of purine N as RNA (ribonucleic acid) equivalents.
Enzyme activities
The effect of YC on the activities of CMCase and xylanase extracted from mi- The activities of polysaccharide-degrading enzymes extracted from total rumen microbial population (HRD) and from a population firmly associated with feed particles were similar for the control and YC treatments (Fig. 3) . The activities of CMCase in SRF were 0.57 and 0.36 pmol/ml per min for the control and YC treatments, and those of xylanase 0.67 and 0.55 pmol/ml per min, respectively.
Discussion
In agreement with the observations of Adams et al. (1981) and Wiedmeier et al. (1987) , YC had no effect on rumen pH. In contrast, Williams et al. (1989) Martin et al. 1989) . If the action of YC is related to the alleviation of the negative associative effect between forage and concentrate (Williams 1989) , it would be most likely to occur with a high concentrate diet such as used in this study. The postprandial concentration of lactic acid in the rumen was found to higher in cattle given YC, in contrast to the observations of Williams (1989) and Newbold et al. (1990) . Although the difference did not reach statistical significance, the concentration of both isomers of lactic acid was consistently higher on both sampling days with YC.
The ruminal VFA pattern was not altered in the present study. In other studies the effects of YC on rumen fermentation have been variable. Harrison et al. (1988) , Williams (1989 ), Martin et al. (1989 and Newbold et al. (1990) reported that the addition of YC decreased the acetate to propionate ratio in rumen VFA. On the other hand, Williams (1987) and Teh et al. (1987) reported a higher acetate to propionate ratio in rumen VFA in animals receiving diets supplemented with YC. The variable responses to YC supplementation in milk fat content (Teh et at. 1987; Gunther 1989; Williams 1989) also indicate that the effects of YC on the rumen fermentation pattern are unpredictable. In the present study, in contrast to that of Williams (1989) , no reduction in methane production in cattle fed YC would be expected on the basis of rumen fermentation stoichiometry.
The present study gave no evidence for a stabilizing effect of YC on rumen fermentation, in contrast to the observations of Harrison et al. (1988) and Williams (1989) . For most of the fermentation parameters the diurnal variation was even slightly greater when YC was included in the diet. Supplementing the silage diet with barley leads to a marked increase in the total number of rumen protozoa (Chamberlain et al. 1985; Jaakkola and Huhtanen 1990) , which should also stabilize rumen fermentation. Ushida et al. (1988) reported that rumen protozoa had a greater effect on cell wall digestion in animals receiving forage plus maize starch diet than in those fed on forage alone. The total number of rumen protozoa (7 x 10 s ) was 37 and 20 % higher than observed by Jaakkola and Huhtanen (1990) when the level of barley was 250 and 500 g/kg total DM in grass silage based diet.
In agreement with Adams et al. (1981) , Williams (1989) and Gomez-Alarcon et al.
(1990), YC had no effect on the total digestibility of OM. Wiedmeier et al. (1987) observed increases over control in digestibility of crude protein and hemicellulose with YC, and Gomez-Alarcon et al. (1990) in that of crude protein, NDF and ADF. Harrison et al. (1988) reported inclusion of YC in the diet to result in non-significant decreases of 5.1 and 8.4 %-units in the digestibility of DM and NDF. They also found that in vitro cellulose disappearance was lower for donor animals receiving YC than for controls, despite the greater counts of cellulolytic bacteria. In contrast to the observations of Gomez-Alarcon et al. (1990) , YC had no effect on rumen digestion of OM or cell wall constituents in the present study. The absence of response to YC in the proportion of OM or cell wall digestion occurring in the rumen was consistent with theresults for DM degradation in the rumen in nylon bags and for the activities of particle-associated polysaccharide-degrading enzymes. Faecal output of purine bases was similar for all the treatments indicating that there were no quantitative differences in the production of microbial protein in the hid-gut, and hence in the amount of carbohydrates fermented in the lower tract. The effect of YC on degradation parameters has been variable; Williams (1989) reported a shorter lag time of digestion, a slower rate and lower extent of degradation with YC, whereas in the present study the lag time was longer and the rate of digestion faster with YC. However, the different effects of YC on degradation parameters may counterbalance each other so that the total effect on rumen or total digestion of cell wall carbohydrates is likely to be small.
The absence of a difference in rumen microbial protein production between the treatments was consistent with the same mean rumen ammonia N concentration and similar pattern of diurnal changes. This was also in agreement with Gomez-Alarcon el al.
(1990), who did not find any effect of the addition of YC on the efficiency of microbial N synthesis in the rumen. Although there are many factors which might influence on rumen ammonia concentration, in the present experiment any effect of YC on rumen microbial protein production should be reflected in ammonia N concentration. The two factors, in addition to net incorporation by rumen microbes, which may influence on rumen ammonia concentration, i.e. rumen pH through ammonia absorption (Siddons et al. 1985) and protozoal number through increased intraruminal recycling of N (Coleman 1975) , were similar in the two treatments. In other studies both decreases (Dawson and Newman 1987 , Harrison et al. 1988 , Newbold et al. 1990 and increases Martin et al. 1989) in rumen ammonia concentration have been reported. YC had no effect on particle-associated CMCase and xylanase activities, extracted either from feed particles incubated in nylon bags or from rumen particulate matter, in agreement with the absence of an effect on either in vivo or in sacco digestion of cell wall carbohydrates. Particle-associated CMCase and xylanase activities have proved very sensitive indicators of differences in rumen environment that could affect fibre digestion (Silva et al. 1987; Huhtanen and Khalili 1989) . In other studies YC has increased the number of cellulolytic bacteria in the rumen (Dawson and Newman 1987; Wiedmeier et al. 1987; Harrison et al. 1988) . Harrison et al. (1988) suggested that because cell wall digestion in vivo and cellulose digestion in vitro were reduced with YC, the activity of cellulolytic bacteria was somehow decreased.
In conclusion, the experiment reported here suggests that no improvements can be expect- 
SELOSTUS
Elavan hiivavalmisteen (YEA-SACC) vaikutus ravintoaineiden sulatukseen ja pdtsifermentaatioon saildrehuvaltaisella ruokinnalla
Pekka Huhtanen
Helsingin yliopisto, kolielainlieteen laitos, 00710 Helsinki Elavan hiivavalmisteen (Saccharomyces cerevisiae + kasvatusalusta; 5 x 10 6 organismia/g) vaikutusta dieetin eri komponenttien sulatukseen ja pdtsifermentaatioon tutkittiin identtisilla kaksossonneilla, joilla oli pdtsi-ja ohutsuolifisteli. Ruokinta koostui saildrehusta, ohrasta ja rypsirouheesta (445, 445 ja 90 g/kg kuiva-ainetta (ka)). Koeruokinnalla annettiin lisaksi 10 g/pv hiivavalmistetta (YEA-SACC). Koejarjestelyna oli switchover -koe, jossa toinen sonneista oli 1. jaksolla kontrolli-ja toinen koeruokinnalla ja 2. jaksolla painvastoin. Koejakson pituus oli 28 pv.
Hiivalla ei ollut vaikutusta pdtsinesteen keskimaaraiseen pH:hon, ammoniakkipitoisuuteen tai haihtuvien rasvahappojen mooliosuuksiin. Mydskaan ruokinnan jalkeiset muutokset ym. potsifermentaatiotakuvaavissa parametreissa olivat samanlaisia. Ruokinnan jalkeinen (1 h) pdtsin maitohappopitoisuus oli hiivaa saaneilla sonneilla suurempi (13.9 vs. 6.0 mmol/1).
Hiivalla ei ollut vaikutusta orgaanisen aineen naennaiseen sulavuuteen (keskimaarin 0.780) eika pdtsisulatuksen osuuteen (keskimaarin 0.603). Hiiva ei mydskaan vaikuttanut solunseinamahiilihydraattien pdtsi-tai kokonaissulavuuteen. Nailonpussimenetelmalla maaritetyn heinan kuiva-aineen pdtsihajoavuuden tai partikkeleihin kiinnittyneiden mikrobien karboksimetyylisellulaasi-ja xylanaasiaktiivisuuksien perusteella arvioituna hiiva ei vaikuttanut kuidun sulatukseen pdtsissa. Mikrobiproteiinin tuotantoon pdtsissa hiivalla ei ollut vaikutusta. Taman kokeen tulosten perusteella hiivavalmisteella ei saildrehuun perustuvalla ruokinnalla ole sellaista potsimetaboliaa tehostavaa vaikutusta, jonka perusteella olisi odotettavissa tuotoksen lisayksia kasvavilla naudoilla tai lypsylehmilla. Syyna saattaa olla pdtsin runsas alkuelainten maara saildrehu-ohraruokinnalla, mika tasoittaa pdtsikaymista. Lisaksi elainten saildrehussa saamien hiivasolujen maara on moninkertainen hiivavalmisteessa saatuun maaraan verrattuna.
